The aim of the present study was to evaluate the risk of developing keratopathy in patients with surgery-indicated chronic rhinosinusitis (CRS) via the National Health Insurance Research Database in Taiwan. Patients with a diagnostic code of CRS and who received functional endoscopic sinus surgery (FESS) were considered to have surgery-indicated CRS. The exclusion criteria were legal blindness, an ocular tumor, eyeball removal or previous keratopathy, and each individual in the study group was matched to four non-CRS patients by age and sex. The outcome was set as the occurrence of keratopathy according to the diagnostic codes after the index date. Cox proportional hazard regression was used for statistical analysis. A total of 6053 patients with surgery-indicated CRS and another 24,212 non-CRS individuals were enrolled after exclusions. The age and sex distributions were identical between the two groups due to matching, while comorbidities, including hypertension, diabetes mellitus, and other cardiovascular disorders, were significantly higher in the study group. There were 231 episodes of keratopathy in the study group, and 695 episodes of keratopathy in the control group after the index date, for which study group showed a significantly higher rate of developing keratopathy with an adjusted hazard ratio of 1.208 and a higher cumulative probability. In subgroup analysis, female sex with surgery-indicated CRS showed a significantly greater risk of developing keratopathy. In conclusion, surgery-indicated CRS that needs FESS to relieve symptoms is a potential risk factor for keratopathy.
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Introduction
Chronic rhinosinusitis (CRS) is an inflammatory disease in the paranasal sinuses that persists for at least 12 weeks [1] and is found in more than 10 percent of the population [2] . The clinical presentation of CRS includes nasal discharge, pain in the facial region, reduction in the smell, headache, and shortness of breath [1, 3] . Cranial nerve disorders, such as the alteration of trigeminal function, may occur in patients with CRS [4, 5] . In its severe form, the infection and inflammation of the paranasal sinus in CRS may lead to a dreaded intracranial infection [6] .
Both medical and surgical management have been utilized to treat CRS [7] . Topical corticosteroid therapy, oral corticosteroid administration, and antibiotic treatment with macrolide have been applied to treat CRS with acceptable outcomes [3, 7] . Functional endoscopic sinus surgery (FESS) is a well-established intervention for CRS that is severe and refractory to medical management [8] [9] [10] . Nevertheless, the recovery of nasal sinus mucosa in patients with CRS is incomplete one year after FESS management [3] . Moreover, patients with some risk factors, such as higher Lund-Mackay computed tompgraphy scores and fungal-induced CRS, may still experience poor quality of life or persistent nasal polyp formation even after successful FESS intervention [11, 12] . The above evidence suggests that the effect of severe CRS could persist despite FESS.
For ocular complications in CRS, both preseptal and visual-threatening orbital cellulitis were found in previous research [13] . Besides, dacryocystitis has also been reported after the development of CRS [14] . For the external eye region, however, only one case with concurrent keratoconjunctivitis and CRS was found previously [15] . Because severe CRS can influence adjacent structures, it is possible that severe CRS may result in certain corneal and conjunctival lesions.
The aim of the current study was to evaluate the development of keratopathy after surgery-indicated CRS that received FESS via the National Health Insurance Research Database (NHIRD) in Taiwan. The effect of CRS disease interval and other potential risk factors for developing keratopathy were also investigated.
Materials and Methods

Data Source
This retrospective, population-based cohort study was approved by the National Health Insurance Administration and the Institutional Review Board of Chung Shan Medical University. Provided by the Taiwan National Health Research Institutes, the NHIRD contains data on insurance claims from more than 99% of Taiwan's population. The claims data used in the current study were obtained from the 2016 version of the Longitudinal Health Insurance Database (LHID 2016). The LHID 2016 contains data on two million patients randomly sampled from the NHIRD registry since 2005. The LHID 2016 data were linked from 1 January 2000 to 31 December 2016, and both the International Classification of Diseases, Ninth Revision (ICD-9) and International Classification of Diseases, Tenth Revision (ICD-10) were used for disease diagnosis. Details on the medications prescribed to the patients and patient demographics, socioeconomic status, and residence are also available in the NHIRD.
Patient Selection
Patients were defined as having surgery-indicated CRS if their medical records indicated (1) a history of CRS (ICD-9 codes: 473.x, ICD-10 codes: J32.x), (2) arrangement for FESS (procedure codes: 65013B, 65015B, 65063B, 65064B) within two years of diagnosis of CRS, (3) the usage of corticosteroids or antibiotics for at least two years from the diagnosis of CRS, and (4) receipt of the CRS diagnosis by an otorhinolaryngologist (department code: 09). The index date was set as the date two years after the diagnosis of CRS. To more accurately elucidate the association between surgery-indicated CRS and keratopathy, the following exclusion criteria were applied: (1) a diagnosis of legal blindness (ICD-9 codes: 369.4, ICD-10 codes: H54.0x, H54.1x, H54.4x, H54.8) at any time, (2) a diagnosis of ocular tumors (ICD-9 codes: 190.0-190.9, ICD-10 codes: C69.x) at any time, (3) a diagnosis of severe ocular trauma (ICD-9 codes: 871.0-871.2, 871.4-871.9, ICD-10 codes: S05.2x-S05.6x) at any time, (4) any type of eyeball removal surgery or diagnosis of anophthalmos (ICD-9 codes: 16.3x, 16.4x, 16.5x, 871.3, ICD-10 codes: Q11.1, S05.7x, Z90.01 plus procedure codes: 85001C, 85002C, 86808B) before the index date, or (5) a diagnosis of any type of keratopathy (ICD-9 codes: 370.x, 371.x, ICD-10: H16.x, H17.x, H18.x) before the index date. In addition, each individual in the study group was age-and sex-matched with four non-CRS individuals, as discussed in the following sections, which constituted the control group. Patients with surgery-indicated CRS who could not be matched with four non-CRS patients were excluded.
Main Outcome Measurement
The development of keratopathy is the main outcome in the current study and was based on the keratopathy-related diagnostic codes (ICD-9 codes: 370.0x, 370.2x, 370.3x, 370.4x, 370.5x, 370.6x, 370.8, 370.9, 371.0x, 371.21-371.23, ICD-10 codes: H16.0x H16.1x, H16.20x, H16.23x-H16.29x, H16.3x-H16.9, H17.1x, H17.8x, H17.9, H18.1x, H18.22x, H18.23x). In practice, ICD-9 codes for "unspecific corneal disorder (ICD-9 codes: 371.9, ICD-10 codes: H18.9)" may also be considered for some forms of keratopathy, but these codes were eliminated to prevent overestimation and confusion. Furthermore, only patients who received the abovementioned diagnostic codes by an ophthalmologist (department code: 10) were considered to have the outcome and included in the study.
Demographic Variables and Co-Morbidities
To standardize the health condition of participants, we also considered the effects of demographic conditions (i.e., age, sex, and income level) and the following systemic co-morbidities, according to our 
Statistical Analysis
SAS version 9.4 (SAS Institute Inc, Cary, NC, USA) was employed for all analyses. After age and sex-matching at 1:4 ratio of the study and control groups, the incidence rate, crude relative risk, and corresponding 95% confidence intervals (CI) were calculated using Poisson regression. In the next step, Cox proportional hazard regression was adopted to compute adjusted hazard ratios (aHR) by incorporating the aforementioned demographic data, prominent ocular diseases, and systemic comorbidities in the multivariate model. Moreover, the sensitivity analysis with aHR which stratified by the sex and age subgroups was also conducted for the subgroup analysis. We plotted Kaplan-Meier curves to indicate the cumulative incidence proportion of keratopathy between the study and control groups, and used the log rank test to determine the significant difference between the survival curves. Because most patients in the NHIRD are Han Taiwanese, the race was not considered a covariate. Statistical significance was set at p < 0.05.
Results
A total of 6053 patients with surgery-indicated CRS were enrolled in the study group after exclusion, and other 24,212 individuals were enrolled in the control group. The flowchart of patient selection is shown in Figure 1 . The age and sex ratios were identical due to the matching process, and the different comorbidities in the study and control group are shown in Table 1 . There were 231 and 695 events of keratopathy in the study group and the control group, while the study group had higher incidence rate (74.35) and crude relative risk (1.345) ( Table 2 ). Moreover, the study group showed a significant aHR (1.208, 95% CI: 1.038-1.406) compared to the control group after adjusting for demographic data, disease interval, prominent ocular diseases, and systemic comorbidities (Table 3) , and a significantly higher cumulative probability was also revealed in the study group (p<0.0001) (Figure 2 ). In addition to surgery-indicated CRS, hypertension, chronic pulmonary diseases, peptic ulcer disease, and DED were also prominently related to the development of keratopathy (Table 3 ). In the subgroup analysis, females with surgery-indicated CRS had a significantly higher aHR (1.287, 95% CI: 1.038-1.595) for developing keratopathy, while only a marginally significant value was found for males with surgery-indicated CRS (Table 4 ). There were 231 and 695 events of keratopathy in the study group and the control group, while the study group had higher incidence rate (74.35) and crude relative risk (1.345) ( Table 2) . Moreover, the study group showed a significant aHR (1.208, 95% CI: 1.038-1.406) compared to the control group after adjusting for demographic data, disease interval, prominent ocular diseases, and systemic comorbidities (Table 3) , and a significantly higher cumulative probability was also revealed in the study group (p < 0.0001) (Figure 2 ). In addition to surgery-indicated CRS, hypertension, chronic pulmonary diseases, peptic ulcer disease, and DED were also prominently related to the development of keratopathy (Table 3 ). In the subgroup analysis, females with surgery-indicated CRS had a significantly higher aHR (1.287, 95% CI: 1.038-1.595) for developing keratopathy, while only a marginally significant value was found for males with surgery-indicated CRS (Table 4 ). 
Discussion
Briefly, CRS that requires surgical management to relieve symptoms significantly increased the risk of developing keratopathy in the current study after adjusting for multiple potential risk factors. Moreover, the chance of developing keratopathy was elevated in several diseases, including cardiovascular disorders, pulmonary diseases, and DED in the multivariate model.
Several mechanisms may lead to keratopathy. At first, inflammatory status is an important part of the pathophysiology of keratopathy, in which the elevated inflammatory mediators can be found in both the auto-immune and infectious keratopathies [16, 17] . Similarly, the CRS has been regarded as an inflammatory disease recently, and both the inflammatory-related epithelial barrier dysfunction and immunoglobulin E production were proposed as the etiologic mechanisms for CRS [18] . Moreover, same inflammatory mediators, such as interleukin and tumor necrosis factor-alpha, are shown to be elevated in CRS and keratopathy in preceding researches [17] [18] [19] . Accordingly, the elevated inflammatory process in CRS might also raise the possibility of corneal damage. In addition, Figure 2 . The cumulative probability of keratopathy between the study and control groups. 
Several mechanisms may lead to keratopathy. At first, inflammatory status is an important part of the pathophysiology of keratopathy, in which the elevated inflammatory mediators can be found in both the auto-immune and infectious keratopathies [16, 17] . Similarly, the CRS has been regarded as an inflammatory disease recently, and both the inflammatory-related epithelial barrier dysfunction and immunoglobulin E production were proposed as the etiologic mechanisms for CRS [18] . Moreover, same inflammatory mediators, such as interleukin and tumor necrosis factor-alpha, are shown to be elevated in CRS and keratopathy in preceding researches [17] [18] [19] . Accordingly, the elevated inflammatory process in CRS might also raise the possibility of corneal damage. In addition, the infections accounting for certain types of keratopathies [20, 21] and lesions like liver abscesses and orbital infections could lead to keratitis via hematogenous route [22, 23] . Although accounting for much fewer cases compared to inflammatory disorders, infection is still one of the etiologies of CRS [24] . Thus, it is possible that the microorganisms that spread from infectious CRS to the cornea via either the anastomosis of an anterior ethmoidal artery-posterior ethmoidal artery-sphenopalatine artery or cavernous sinus-ophthalmic vein route then lead to keratopathy. On the other hand, some autoimmune diseases, such as Wegener granulomatosis, lead to both corneal lesions and CRS [25] , and CRS might indicate an underlying autoimmune disease that may lead to keratopathy. As a consequence, the presence of CRS, especially severe cases that need surgery to manage, may lead to keratopathy, which was supported by the current study.
For the relationship between CRS and keratopathy, only concurrent keratoconjunctivitis and CRS had been found in previous research [15] . In the current study, surgery-indicated CRS that required FESS management showed an increased risk of developing keratopathy with a significantly higher aHR after controlling the effect of several potential risk factors in the multivariate analysis. To our knowledge, this study is a preliminary investigation that demonstrated a correlation between surgery-indicated CRS and keratopathy. In addition, only those episodes of keratopathy that occurred after arranging for FESS were included, and the increase in the risk of developing keratopathy with longer disease period of CRS was also evaluated which presented with the higher cumulative probability in the study group. Thus, a causal relationship is supported. For the difference in correlation between the two diseases in the different sexes, although the aHR in males was non-significant, the aHR was similar to that in the female population with a similar interaction p-value, and the lower limit also showed marginal significance. We speculated that surgery-indicated CRS elevated the risk of developing keratopathy in males with a longer follow-up interval.
Several disorders were also related to the development of keratopathy according to the multivariate analysis in the current study. DED revealed significantly higher aHR for the occurrence of keratopathy in the current study. Because DED will lead to inflammation and damage of the ocular surface [26] , the relationship between DED and keratopathy in the current study is reasonable and has been illustrated in a previous study [27] . Concerning the influence of glaucoma on the cornea, an acute attack of glaucoma may lead to corneal decompensation in patients with an impaired corneal endothelium [28] . Certain anti-glaucomatous agents can also contribute to damage the ocular surface and keratoepitheliopathy, such as superficial punctate keratitis [29] . In the current study, the aHR of glaucoma was also elevated, although not significantly. On the other hand, uveitis also did not show a significant effect on the occurrence of keratopathy. This phenomenon might result from the exclusion of patients with pre-existing keratopathy, thus excluding numbers of patients with uveitis because coexisting uveitis and keratopathy in viral infections are not uncommon [30, 31] . Among systemic conditions, cardiovascular as well as pulmonary disorders are the major disorders associated with a higher probability of keratopathy, but the exact mechanism needs further validation.
There are several limitations to the current study. First, the observational and retrospective nature of the study design may diminish the standardization of the patient population, even after multivariate analysis. In addition, we used claim data rather than real medical documents, and some important information, such as the laterality and severity of keratopathy and the postoperative condition of CRS after the FESS procedure, could not be accessed. Moreover, there are different types of keratopathy (e.g., infectious keratitis or corneal edema), and we failed to analyze the effect of surgery-indicated CRS on each type of keratopathy due to extremely small numbers for certain types of keratopathy.
Conclusions
In conclusion, surgery-indicated CRS that requires FESS to relieve symptoms is a potential risk factor for keratopathy after adjusting for multiple potential risk factors. Furthermore, the risk of developing keratopathy in patients with surgery-indicated CRS is correlated to a longer disease period of CRS. Further study to investigate whether surgery-indicated CRS leads to a worse prognosis for keratopathy is advocated. 
